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(57) A laser diode projecting apparatus which com-
prises: at least two laser diodes each emitting radiation
towards a respective focal point at a pre-defined wave-
length, and wherein the at least two respective focal
points are separated from each other by atleast an offset
distance; and a power controller operative to control the
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Method and apparatus for simultaneous use of a plurality of laser diodes

intensity of the radiation emitted from each of the at least
two laser diodes; and wherein the aggregated value of
the radiation intensity emitted by all of the at least two
laser diodes within a predefined period of time, exceeds
a threshold value allowed for the maximum permissible
exposure to radiation.
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Description
Technical Field

[0001] The present disclosure generally relates to la-
ser scanning applications, and more particularly to tech-
niques for controlling laser power in multi-laser devices.

Background

[0002] As the use of radiated optical power of laser
diodes has been increasing in recent years, the issue of
eye safety has received an ever-increasing amount of
attention. In the past, all laser applications were covered
by the International Electrotechnical Commission (IEC)
60825 standard which is a laser safety standard. Today,
laser applications that deal with data transmission, pro-
jection devices and irradiation of objects, are covered by
the IEC 60825 standard.

[0003] According to IEC 60825, for visual light (i.e.
400nm < A < 1050nm), all pulses that reach a focal point
within a period of time of 18 s should be aggregated into
a single pulse. This is due to the fact that during this
period there is not enough time to allow the removal of
heataccumulated at that focal point. However, for pulses
that would arrive to that focal point after a period of 18.s
starting at their preceding pulse, heat transfer is a factor
that may already be taken into consideration.

[0004] Typically (butnot necessarily) three different la-
sers, each emitting at a different wavelength, are used
to cover most of the color gamut of the human eye. These
lasers are collimated and merged in order to produce a
single beam with variable color, according to the specific
combination of the three lasers intensities at that mo-
ment.

[0005] The presentinvention seeks to provide a meth-
odto enable increasing lasers’ intensities while still being
in conformity with the IEC Safety regulations, by taking
advantage of the need to use several lasers in order to
create the right color gamut.

Summary of the disclosure

[0006] The disclosure may be summarized by referring
to the appended claims.

[0007] Itis an object of the presentinvention to provide
apparatus and methods for increasing lasers’ intensities
without exposing the user to a hazardous amount of en-
ergy.

[0008] It is another object of the present invention to
provide methods to enable increasing the power of each
member of a group of simultaneously emitting lasers that
are comprised in a device such as a projector.

[0009] Other objects of the invention will become ap-
parent as the description of the invention proceeds.
[0010] Inone embodiment, alaser diode projecting ap-
paratus is provided. The laser diode projecting apparatus
comprises:
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at least two laser diodes each emitting radiation to-
wards arespective focal point at a pre-defined wave-
length, and wherein the at least two respective focal
points are separated from each other by at least an
offset distance; and

a power controller operative to control the intensity
of the radiation emitted from each of the at least two
laser diodes;

and wherein the aggregated value of the radiation
intensity emitted by all of the at leasttwo laser diodes
within a predefined period of time, exceeds a thresh-
old value allowed for the maximum permissible ex-
posure to radiation.

[0011] Inotherwords, the presentinvention allows that
each respective laser diode from among the at least two
laser diodes, is capable of reaching a maximum value
as defined for that laser diode, irrespective of the fact
that it emits radiation simultaneously with at least one
other laser diode.

[0012] In the following description, the term “focal
point" is defined as the spot wherein radiation comprised
in a beam emitted from one of the laser diodes of the
projecting apparatus, hits the target (e.g. a screen).
[0013] The term "offset distance" is a parameter de-
fined herein throughout the specification and the claims
as the maximum diameter of a pupil. Typically, the value
of this parameter may be up to about to 9 mm, however
under certain conditions (e.g. in broad daylight), it may
be less than that, e.g. 5 mm. In the alternative, the value
of the offset distance may be taken as being essentially
equal to the size of a retinal image (e.g. 0.2 mm).
[0014] The term "predefined period of time" is referred
toherein as a parameter that defines a time period where-
in if two or more pulses reach the same point within that
period of time, for safety purposes the effective radiation
that hits the eye in this case, is achieved by aggregating
the energy of all these pulses as if they were a single
pulse. The value of this parameter for visible light (i.e.
400nm < A < 1050nm) is defined in the IEC 60825 as
18us, however other standards may provide different val-
ues for this parameter.

[0015] The term "maximum permissible exposure" as
used herein, is used to denote the maximum level of ra-
diation to which the eye or skin can be exposed without
consequential injury immediately or after alongtime. The
maximum permissible exposure may be dependent on
the wavelength of the laser radiation, the pulse duration
or exposure duration, the tissue at risk and, for visible
and near infra-red laser radiation in the range of 400 nm
to 1400 nm, the size of the retinal image. The threshold
value allowed for the maximum permissible exposure to
radiation is defined by standards that are acceptable in
the industry such as IEC 60825.

[0016] In another embodiment the at least two focal
points are separated from each other so that when their
respective diode lasers are operative, the two laser di-
odes will not emit radiation that would hit the same pixel



3 EP 2 560 394 A2 4

within a predefined period of time.

[0017] In yet another embodiment, the offset distance
between the at least two focal points is set to allow form-
ing a projecting angle between beams projected by two
of the at least two laser diodes, wherein this projecting
angle is equal to at least 2 degrees. In the alternative,
this value may be equal to about 4 degrees, or about 5.2
degrees. Preferably, the value of the projecting angle is
less than 6 degrees.

[0018] Inarelated embodiment, the offset distance be-
tween the at least two focal points is set to allow forming
a vertical projecting angle between beams projected by
two of the at least two laser diodes, wherein this project-
ing angle is equal to at least 2 degrees. In the alternative,
this value may be equal to about 4 degrees, or about 5.2
degrees.

[0019] According to another embodiment one of the at
least two laser diodes is a red laser, and wherein the
intensity of the radiation emitted within a predefined pe-
riod of time is capable of reaching a maximum intensity
value as defined for that laser diode, irrespective of the
factthatit transmits simultaneously with atleast one other
laser diode.

[0020] Inanotherembodiment, the laser diode project-
ing apparatus further comprises a photodetector adapted
to measure the light intensity at the surrounding of the
laser diode projecting apparatus, and a processor adapt-
ed to dynamically change the offset distance between
the at least two focal points for the radiation emitted by
the at least two laser diodes, based upon light intensity
changes occurring at the surrounding of the laser diode
projecting apparatus.

[0021] According to another embodiment, the pre-de-
fined period of time is equal to at least 18 ps.

[0022] According to another aspect of the invention
there is provided a method for optimizing the intensity of
radiation emitted from at least two laser diodes, each
emitting radiation at a pre-defined wavelength, the meth-
od comprises the steps of:

providing an offset distance between at least two fo-
cal points, each of which associated with one of the
at least two laser diodes;

providing a maximum value for the intensity of the
radiation to be emitted by each of the at least two
laser diodes, irrespective of the fact that it emits its
radiation simultaneously with at least one other laser
diode; and

adjusting the intensity of the radiation emitted from
each of the at least two laser diodes, wherein the
aggregated value of the radiation intensity emitted
by all of the at least two laser diodes within a prede-
fined period of time, exceeds a threshold value al-
lowed for the maximum permissible exposure to ra-
diation.

[0023] Inother words, the method provided allows that
the value of the intensity of the radiation emitted within
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apredefined period of time by each respective laserdiode
is up to the maximum value provided for that laser diode.
[0024] According to another embodiment, the step pro-
viding an offset distance comprises ensuring that the two
laser diodes will not emit radiation that would hit the same
pixel within a predefined period of time.

[0025] By yet another embodiment, the offset distance
provided allows formation of a projecting angle between
beams emitted by two of the at least two laser diodes
that is equal to at least 2 degrees. In the alternative, this
value may be equal to about 4 degrees, or about 5.2
degrees. Preferably, the value of the projecting angle is
less than 6 degrees.

[0026] In accordance with yet another embodiment,
the offset distance provided allows formation of a vertical
projecting angle between beams emitted by two of the
atleasttwo laser diodes thatis equal to atleast 2 degrees.
[0027] According to still another embodiment, the
method provided further comprises a step of measuring
the light intensity at the projecting apparatus’ surround-
ing, and dynamically adjusting the offset distance be-
tween the at least two focal points, based upon light in-
tensity changes occurring at the projecting apparatus’
surrounding.

[0028] In accordance with another embodiment, the
predefined period of time is equal to at least 18 ps.

Brief Description of the Drawings

[0029] For a more complete understanding of the
presentinvention, reference is now made to the following
detailed description taken in conjunction with the accom-
panying drawings wherein:

FIG. 1 - demonstrates the output of a scanning pro-
jector apparatus known in the art;

FIG. 2 - demonstrates the output of a scanning pro-
jector apparatus according to one embodiment;
FIG. 3 - illustrates the projection geometry for the
minimum eye accommodation distance; and

FIG. 4 - demonstrates the output of a scanning pro-
jector apparatus according to another embodiment.

Detailed description

[0030] In this disclosure, the term "comprising" is in-
tended to have an open-ended meaning so that when a
first element is stated as comprising a second element,
the first element may also include one or more other el-
ements that are not necessarily identified or described
herein, or recited in the claims.

[0031] In the following description, for the purposes of
explanation, numerous specific details are set forth in
order to provide a thorough understanding of the present
invention. It should be apparent, however, that the
presentinvention may be practiced without these specific
details.

[0032] The collimation and merging of light sources re-
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quire careful and accurate calibration process in order to
form a single spot on a screen, at the right color. In a
typical laser scanning projecting apparatus the following
components are used, a single bidirectional mirror, two
unidirectional mirrors or any other deflection technolo-
gies enable scanning so that with the correct refreshing
time a full two-dimensional picture appears on the
screen. The need to accurately calibrate the set of lasers
to a single pixel at the screen may sometimes be very
costly. The traditional mode of operation in which lasers
are calibrated in laser scanning projectors, is, that all la-
ser diodes of any single laser scanning projector are ac-
curately aligned so that the radiation emitted by each of
the laser diodes, hits exactly the same pixel as the radi-
ation emitted by the others. The firmware requirement
associated with such mode of operation is satisfied by
carrying out only one set of calculations. The required
processing involves determining the location of the spot
at the target, finding the closest pixel to this location and
sending the correct color information associated with this
pixel to the set of laser drivers. However, in order to com-
ply with the IEC 60825 requirements regarding the max-
imum value energy to which the eye’s pupil may be ex-
posed, the power of each of the lasers must be rather
limited in order to ensure that the aggregated energy as
emitted by all lasers does not exceed a pre-defined
threshold (e.g. the maximum value).

[0033] Fig. 1 demonstrates a target (screen) intersect-
ing three beams each of which generated by a respective
one out of an RGB set of lasers comprised in a scanning
projector apparatus, as known in the art. In this example
the three lasers are accurately aligned so that their emit-
ted radiation hits exactly the same pixel. The red laser is
illustrated by a square shape (103), the green laser is
illustrated by a diamond shape (106) and the blue laser
is illustrated by a circle shape (109). Naturally, the size
of shapes 103, 106 and 109 is provided for illustration
purposes only and is completely out of scale as compared
with their actual size. In more sophisticated systems, an
interpolation with the nearby pixels may be carried out
andtheinterpolation results may then be fed to the lasers’
drivers.

[0034] According to one embodiment, the three lasers
are not aligned together, i.e. the set of the three lasers
is not calibrated to the same pixel of the target (although
the distance that extends between the each of the laser
diodes and the target is about the same). Instead, atleast
one of the laser diodes has an offset with respect to the
calibration of the others, so that the radiation emitted by
that laser diode would hit the target (screen) at a slightly
different location then the others. In order to project a
sharp (non-blurred) image, the firmware maintains at
least two sets of calculations, one per each spot so that
each laser receives the information associated with the
specific location towards which itis about to emitits pulse
(s). In other words, the information that is now fed to at
least one of the laser driver is not associated any more
with the same pixel as the information fed to all the other
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laser drivers, but of a different pixel that correctly matches
that at least one specific laser spot at the target. Fig. 2
demonstrates this approach in a scanning projector that
also uses an RGB lasers set according to this embodi-
ment. In this example each of the three lasers is offset
with respectto the othertwo so thatnolaser diode emitted
radiation hits exactly the same pixel at the same time as
the others. Consequently, there are now three laser spots
on the screen as may be seen in Fig. 2. The red laser
spot is again represented by a square shape (203), the
green laser spotisrepresented by a diamond shape (206)
and the blue laser spot is represented by a circle shape
(209). Similarly to Fig. 1 the size of shapes 203, 206 and
209 is provided only for illustration purposes. Further-
more, the effective screen area is now slightly reduced
(as compared with that illustrated in Fig. 1) since it may
cover only the intersection area of all three lasers effec-
tive screen areas (illustrated as a grey area).

[0035] According to another embodiment of the inven-
tion, the offset between at least two lasers’ spots is de-
termined in a way to ensure that a pupil (and consequent-
ly the retina) is not exposed to a too large amount of
energy, i.e. that the pupil is not exposed simultaneously
to increased intensity of the radiation emitted from all
lasers at the same time. By doing that it is possible to
achieve an effective increase of the overall projected in-
tensity without creating a potential hazard to the pupil.
[0036] Referring now to Fig. 3, it is illustrated that by
using a simple geometry, it is possible to determine the
optical offset angle required.

Eg. 1 Tan (g) = 2d_r

[0037] Wherein:

d is the pupil diameter;

r is the distance from the source;

As known in the art, the pupil becomes wider under
dark conditions and narrower in at illuminated sur-
rounding. At its narrow mode, a typical diameter is
3 to 5 millimeters, whereas at dark surrounding it
may extend to about 4 to 9 mm. Still, one should
keep in mind that in any human age group, there is
a considerable variation in the maximal pupil size.
In the example illustrated in Fig. 3, the maximal pupil
size (d = 9mm) and the minimum eye accommoda-
tion distance as defined by the IEC 60825 (r =
100nm) were selected. Thus, an angle of over 6 =

5.15° (2 X atan(-j—(/)%)) will ensure that at most

only one laser’s emitted radiation may reach the
eye’s pupil. However, although the radiation emitted
from the two laser diodes of Fig. 3 cannot hit the pupil
simultaneously, still, this offset does not ensure that
the two or more pulses emitted from these two laser



7 EP 2 560 394 A2 8

diodes do not reach the pupil within a period of time
of less than a 18ps, ending up with the result that
the aggregated energy that might reach the pupil,
exceeds the safe level. For example, in a projector
comprising two laser diodes, wherein the horizontal
projection angle is 6,y = 5.15° and the vertical pro-

jection angle is 6, = 0° a situation that both pulses

of radiation reach the pupil within the same 18us
time interval, may occur when one of the laser diodes
is scanning from left to the right, while the other laser
diode which is already at the next (the return) line,
is scanning from right to the left. In order to address
this constrain, let us first refer to a typical laser scan-
ning architecture.

[0038] Atypicallaserscanning architecture uses ares-
onance mode of operation in the horizontal scan while
the vertical scan is usually slower and has a saw-tooth
signal (lines are scanned linearly). The typical horizontal
scan is around 20 KHz-25 KHz, scanning in both direc-
tions (from left to right and from right to left), i.e. a pair of
lines is scanned every horizontal cycle. Since the hori-
zontal cycle is around 40u.s-50ps (and as long as it is
not shorter than 18us), a vertical projection angle offset
of 6, = 5.15° plus an additional angle equivalent to an
angle of a pair of horizontal lines, ensures that when eve-
ry two consecutive pulses are received, there is a time
difference of over 18s therebetween. Since each frame
is composed of several hundreds of horizontal lines, the
additional offset may be negligible relative to the 5.15°
offset.

[0039] Accordingto another embodiment, it is not nec-
essary to have an offset angle between each pair of laser
diodes. Typically, in practical operation the maximum
emitted power of the lasers is not identical to each other.
For instance, in a typical RGB set of lasers, the red laser
emits radiation at the highest power, more than the sum
of the other two lasers (green and blue). In this case, it
is possible to offset the red laser relative to the two other
lasers that may have no (or very small) offset between
themselves. Distance 410 in Fig. 4 illustrates such an
offset between the point at which the radiation emitted
from the red laser hits the target and the point at which
the radiation emitted from the other two laser diodes hit
the target. As may be seen in this example, the radiation
emitted from both green and blue laser diodes hit the
target very close to each other, and may even hit the
target at essentially the same focal point.

[0040] It should be understood that features described
with respect to one embodiment may be used with other
embodiments. Variations of embodiments described will
occur to persons of the art.

Claims

1. Alaser diode projecting apparatus which comprises:
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at least two laser diodes each emitting radiation
towards a respective focal point at a pre-defined
wavelength, and wherein the at least two re-
spective focal points are separated from each
other by at least an offset distance; and

a power controller operative to control the inten-
sity of the radiation emitted from each of the at
least two laser diodes;

and wherein the aggregated value of the radia-
tion intensity emitted by all of the at least two
laser diodes within a predefined period of time,
exceeds a threshold value allowed for the max-
imum permissible exposure to radiation.

The laser diode projecting apparatus of claim 1,
wherein said at least two focal points are separated
from each other so that when their respective diode
lasers are operative, the two laser diodes will not
emit radiation that would hit the same pixel within a
predefined period of time.

The laser diode projecting apparatus of claim 1,
wherein the offset distance between said at least two
focal points is set to ensure that a projecting angle
formed between beams projected by two of said at
least two laser diodes is equal to at least 2 degrees.

The laser diode projecting apparatus of claim 1,
wherein the offset distance between said at least two
focal points is set to ensure that a vertical projecting
angle formed between beams projected by two of
said at least two laser diodes is equal to at least 2
degrees.

The laser diode projecting apparatus of claim 1, fur-
ther comprises a photodetector adapted to measure
thelightintensity atthe surrounding of the laser diode
projecting apparatus, and a processor adapted to
change the offset distance between the at least two
focal points based upon light intensity changes oc-
curring at the surrounding of said laser diode pro-
jecting apparatus.

The laser diode projecting apparatus of claim 1,
wherein the predefined period of time is equal to at
least 18 ps.

The laser diode projecting apparatus of claim 1,
wherein one of the at least two laser diodes is a red
laser, and wherein the intensity of the radiation emit-
ted from said laser diode within a predefined period
of time is capable of reaching the maximum intensity
value defined for that laser diode, irrespective of the
fact that it transmits simultaneously with at least one
other laser diode.

A method for optimizing the intensity of radiation
emitted from at least two laser diodes of a projecting
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apparatus, each emitting radiation at a pre-defined
wavelength, wherein said method comprises:

providing an offset distance between atleasttwo
focal points, each of which is associated with
one or more of the at least two laser diodes;
providing a maximum value for radiation inten-
sity to be emitted by each of the at least two
laser diodes, irrespective of the fact that it trans-
mits its radiation simultaneously with atleast one
other laser diode; and

adjusting the intensity of the radiation emitted
from each of the atleast two laser diodes, where-
in the aggregated value of the radiation intensity
emitted by all of the at least two laser diodes
within a predefined period of time, exceeds a
threshold value allowed for the maximum per-
missible exposure to radiation.

The method of claim 8, wherein the step of providing
an offset distance comprises providing an offset dis-
tance which ensures that the two laser diodes will
not emit radiation that would hit the same pixel within
a predefined period of time.

The method of claim 8, wherein the offset distance
provided allows formation of a projecting angle be-
tween beams emitted by two of the at least two laser
diodes that is equal to at least 2 degrees.

The method of claim 8, wherein the offset distance
provided allows formation of a vertical projecting an-
gle between beams emitted by two of the at least
two laser diodes that is equal to at least 2 degrees.

The method of claim 8, further comprising a step of
measuring the light intensity at the surrounding of
the projecting apparatus, and dynamically adjusting
the offset distance between the at least two focal
points based upon light intensity changes occurring
at the surrounding of the projecting apparatus.

The method of claim 8, wherein the predefined pe-
riod of time is equal to at least 18 ps.
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